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Objectives . This study was designed to evaluate the clinical
significance of PQ segment depression and to examine the fre-
quency of PQ segment depression in infayeflon-assuciaied pericar-
ditis .
Background. PQ segment deviation is almost as characteristic
as the classic ST segment deviation and is detected in most patients
with pericardifis . However, the incidence and clinical character-
istics of PQ segment depression in acute myocardial infarction are
not defined.
Methods. Three hundred four consecutive patients with acute
Q wave anterior wall myocardial infarction were examined care-
fully by auscultation, electrocardiogram, echocardiogram and
chest roentgenogram . The diagnosis of pericarditis was made on
the basis of pericardial rub detected by more than two observers
doing the 1st 3 days after hospital admission . At least 0.5 mm- of
PQ segment depression from the TP segment observed for >24 h
in bob limb and precordial leads was considered diagnostic of PQ
segment depression .
Two clinical signs are pathognomonic of acute pericarditis :
the pericardial rub and stage I ST segment elevation (ST
segment elevation in all leads except
aVR
and V 1 ) (1,2) .
Although pericarditis is a relatively common complication in
Q wave myocardial infarction (2-7), typical stage I ST
segment changes diagnostic of pericarditis are rarely ob-
served because infarction-associated pericarditis is localized
to the infarct zone (2) . PQ segment deviation is almost as
characteristic as the classic ST segment deviations and is
detected in most patients with pericarditis (8,9) . However,
the incidence and clinical characteristics of PQ segment
depression in acute myocardial infarction are not defined .
Therefore, this study was designed to evaluate the clinical
significance of PQ segment depression and to examine its
frequency in pericarditis occurring after acute Q wave
anterior wall myocardial infarction .
From the Second Department of Internal Medicine, Kansai Medical
University, Osaka, Japan .
Manuscript received July 12, 1993 ; revised manuscript received October
29, 1993, accepted November 4, 1993 .
Address for carmspgnde : Yo Nagahama, MD, Coronary Care Unit,
Kansai Medical University, I Fumizono-cho Moriguchi City, Osaka 570,
Japan .
01994 by the American College of Cardiology
885
MYOCARDIAL IN
FARCTION
ession in I
	
Wave
esedts . A pericardial rub was present in 65 patients (21%m) and
absent in 239 patients. PQ segment depression was detected in
both limb and precordial leads in 30 patients (10%) . 18 patients
with pericardial rub and 12 patients without pericardial rub . On
the basis of five clinical variables, multivariate analysis was
rerformed to determine the impoKant variables related to the
occurrence of PQ segment depression . Pericardial rub was se-
lected with left ventricular segments with advanced asynergy as a
significant factor related to PQ segment depression
. There were 31
in-hospital deaths, and a significantly higher hospital mortality
rate was observed in patients with PQ segment depression (23%
vs. 9%) .
Conclusions. Although PQ segment depression was observed in
a minority of patients with infarction-associated pericarditis, it
was one of the clinical signs of larger infarct size and increased
hospital deaths .
(J Am Coll Cardiol 1994,23 .885-90)
Methods
Patients . We studied 304 consecutive patients with a Q
wave anterior wall acute myocardial infarction who fulfilled
the following criteria: 1) admission to the coronary care unit
within 24 h after the onset of chest pain and survival in the
1st 3 days after admission ; 2) no prior history of myocardial
infarction, chronic renal failure, collagen disease, cardiac
surgery within the previous 6 months or metastatic disease .
During this period, a technically s .Jsfactory echocardio-
gram could not be obtained in 34 patients, and they were not
included in this study .
Clinical evaluation . Q wave anterior wall myocardial
infarction was diagnosed when patients had ST segment
elevation with new Q waves (two or more ~n leads V 1 to V G)
on serial electrocardiograms (PCBs) and at leas` twice the
normal elevation in serum creatine kinase with MB isoen-
zyme >5%. Electrocardiograms were taken on admission
and at least every 8 hours for the 1st 3 days . Atrial repolar-
ization was assessed by studying the PQ segment . Deviation
of the PQ segment was measured as the distance from the TP
segment. To maximize the diagnostic accuracy in excluding
rate-dependent PQ segment depression, 2:0.5 nun of PQ
segment depression from the TP segment observed for >24 h
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1 . Electrocardiogram of a patient judged to have PQ segment
depression. Not; the downward displacement of the PQ segment in
both limb and precordial leads .
in both limb leads (leads II and
aVF)
and precordial leads
(more than two in
Va-d
was considered diagnostic of PQ
segment depression (Fig . I and 2) . PQ segment depression
was considered present only after it was independently
diagnosed by it Icast two of three cardiologists who had no
knowledge of the clinical findings . Abnormal P waves in the
standard leads were diagnosed when one or more of the
following characteristics were present : 1) P wave configura-
tion other than the rounded form normally seen (notched,
peaked or other abnormal configurations), 2) P wave ampli-
tude in lead II ;4.25 mm; and 3) P wave duration in any one
lead >100 ms. Carnful auscultation was performed at least
twice daily in all patients and more frequently in patients
presenting with pleuritic chest pain or any other recurrent
chest pain . Auscultation covered not only the left paraster-
nal area but also the base and xiphoid region . Pericardial
rubs were considered to be to-and-fro, scratchy, grating or
creaking in quality . Identification of pericardial rub was
based on nonconformity with the characteristic locations,
radiations and respiratory responses of most murmurs and
thrills . Auscultation, palpation and respiratory observations
were performed independently within a few minutes of each
other. Pericardiall rub was considered present only after it
was independently diagnosed by at least two cardiologists
who were unaware of the ECG findings . Detection of peri-
cardial
rub during the 1st 72 h after admission was consid-
ered diagnostic of infarction-associated pericarditis . Arterial
blood was taken from the radial or femoral arteries at the
time of admission with the patients breathing room air . The
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Figure 2. Electrocardiogram of a patient judged to have rate-
dependent PQ segment depression . Note the decrease in PQ seg-
ment depression as heart rate decreases . Panel A, Heart rate
I I I beats/min . Panel 8, Heart rate 80 beats/min .
alveolar-arterinal oxygen pressure difference was calculated
by assuming a respiratory quotient equal to 0 .8.
Echocardiagraphy . Two-dimensional and Doppler echo-
cardiography was performed with an SSD 870 phased-array
sector scanner (Aloka, Tokyo) . All classic views were re-
corded on videotape for subsequent analysis by observers
who were unaware of the patients' clinical data . Doppler
echocardiography was performed when pericardial rub was
first detected in order to rule out mitral regurgitation caused
by papillary muscle dysfunction . Regional left ventricular
wall motion abnormalities were assessed by two-dimen-
sional echocardiography performed on hospital day 3 . Anal-
ysis of the left ventricular wall was performed in I I segments
assessed by long- and short-axis images (10), and the number
of segments with advanced asynergy (akinesia or dyskinesia)
was calculated by observers who had no knowledge of the
clinical data. Functional left ventricular aneurysmal motion
was defined by two-dimensional echocardiography as an
area of thinned myocardium that was dyskinetic in systole
with distinct diastolic deformity and preserved adjacent wall
motion (11). An epicardial-pericardial separation throughout
the cardiac cycle (D pattern) was considered diagnostic of
pericardial effusion (12,13) .
Chest radiography. All chest roentgenograms were ob-
tained using mobile unit radiography with the patient supine .
The roentgenogram obtained on the day that pericardial rub
was first detected was interpreted by observers unaware of
JACC Vol. 23, No . 4
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Table 1 . Clinical Characteristics of PQ Segment Depression
The Student c test was used for quantitatov , data and Fisher exact
probability test for qualitative data . Values are expressed as ruirnber of
patients or mean value t SD
. AaDO.,
= alveolar-arterial oxygen pressure
difference .
the clinical status, The lung helds of the roentgenogram were
graded on a 4-point scale : 0 = no acute infiltrate; I = pul-
monary vascular redistribution or mild diffuse interstitial
infiltrate, or both ; 2 = moderate diffuse interstitial infiltrate ;
3 = diffuse interstitial and focal alveolar infiltrate ; and 4 =
diffuse alveolar infiltrate (14) . Because all patients with a
radiographic score ?2 had increased extravascular lung
water (>7 ml/kg), as noted in out - previous report (15),
roentgenograms were classified into two groups : low score
(scores 0 and 1) and high score (scorer 2, 3 and 4) .
Medication . We routinely give heparin to all patients with
acute myocardial infarction in our coronary care unit . The
palms who not the following treatment criteria received
intravenous thrombolytic therapy (urokinase or recombinant
tissue-type plasminogen activator) or intracoronary uroki-
rese: 1) onset of chest pin within 6 h of the time of thrombo-
lytic therapy, and 2) no bleeding diathesis .
Statistical analysis . Results are reported as the mean
value ± SD. A Student t test was used for quantitative data
and the Fisher exact probability test for qualitative data . A
logistic regression analysis using Data Analyzing System
version 4 was performed to evaluate the important variables
related to PQ segment depression and hospital deaths . A p
value < 0.05 was considered significant .
Results
Incidence of PQ segment depression and pericardial rub
(Table 1). Of the 304 patients with Q wave anterior wall
myocardial infarction, PQ segment depression was detected
in both limb and precordial leads in 30 (10%), but none of
these patients had PQ segment elevation except in leads aVR
and V I (Fig . :) . Pericardial rub was present in 65 patients
(21%) during the I st 3 days after admission and was absent in
239 patients. Doppler echocardiography did not indicate
mitral regurgitation in any of the 65 patients . Eighteen
NAGAHAMA ET AL .
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Table 2 . frnportant Factors Related to PQ Segment Depression
Logistic regression analysis using Data Analyzing System version 4 .
WD4
= alveolar-arterial oxygen pressure difference .
patients (28%) with and 12 patients (5%) without pericardial
nib had PQ segment depression . Although PQ segment
depression was detected in a minority of patients with
peiicardial rub, it occurred significantly more often in pa-
tients with than in patients without pericardial rub (Table 1) .
The incidence of PQ segment depression (9%) and pericar-
dial rub (12%) in 34 patients without good quality echocar-
diographic images was not different from that of 304 patients
with good echocardiographic findings (the Fisher exact prob-
ability test, p = 1 .0 and p = 0 .27, respectively) . Among 300
patients without ventricular rupture, 77 had pericardial effu-
sion on day 3 of admission . Thirteen patients with and 16
patients without pericardial effusion had PQ segment depres-
sion. A significantly higher incidence of PQ segment depres-
sion was observed in patients with pericardial effusion than
in those without it (fisher exact probability test, p < 0.05) .
Clinical chai-acteristics of III segment depression (Tables I
and 2). Heart rate changes (101 ± 14 to 94 ± 11 beats/min)
during the Ist 24 h after the detection of PQ segment
depression had no apparent relation to the appearance and
disappearance of PQ segment depression . Moreover, PQ and
ST segment shifts were discordant in all cases (Fig . 1), There
was no significant difference m age between patients with
(57 ± 15 years) and without (61 :t 12 years) PQ segment
depression. The patients with PQ segment depression had
significantly more left ventricular segments with advanced
asynergy, a higher incidence of left ventricular aneurysmal
motion, a larger alveolar-arterial oxygen pressure difference
and a higher incidence of high chest roentgenographic scores
compared with those without PQ segment depression (Table
I). To determine the important variables associated with PQ
segment depression, five clinical variables (number of seg-
ments with advanced asynergy, ventricular aneurysmal mo-
tion, pericardial rub, chest radiographic score and alveolar
arterial oxygen difference) were used in the logistic regres-
sion analysis . As a result, the number of segments with
advanced asynergy and pericardial rub were the significant
variables related to PQ segment depression (Table 2) .
PQ segment
depression with and without pericardial rub
(Table 3). When 30 patients with PQ segment depression
were classified into two groups according to the presence
and abst.nce of pericardial rub, the 18 patients with pericar-
dial rub tended to have a higher incidence of left ventricular
Discriminant
Coefficient
Standard p
Error
Value
conslaul
-6.46
Asynergic segments 0.61
0 .18 < 0 .001
Aneurysmal motion 0 .80 0 .47
0.09
AaDO2
0.01 0 .02 0.64
Chest roentgenogram 0.63 0 .64
0.33
Pericardial rub
1 .75 0 .48
< 0.001
PQ Segment Depression
Present
(n = 30)
Absent
0 = 274)
P
Value
Asynergic seguienis 5 .1 = 1 .1 3 .2 ± 1 .7 < 0 .001
Aneurysmal motion
Absent 14
228
< 0.001
Present 16 46
Aaool 45 ± 13
35±13
< 0.001
Chest roentgenogram
low wore 11 183
< A M 5
High score 19 91
Pericardial rub
Absent 12 227
< 0,001
Present 18 47
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Table 3. Clinical Characteristics of PQ Segment Depression With
and Without Pericardial Rub
The Student r test was used for quantitative data and Fisher exact
probability test for qualitative data
. Values are expressed as number of
patients or mean value ± SD, U002
= alveolar-arterial oxygen pressure
difference .
aneurysmal motion than that of patients without pericardial
rub (67% vs . 33%, respectively), but there were no signifi-
cant differences in other clinical variables between the two
groups (Table 3) . Of the 30 patients with PQ segment
depression, 19 had associated P wave abnormalities: termi-
nal negative force in lead V, (19 patients) and notched with
a duration >125 ms in lead 11, Ill or
aVF
(6 patients). No
patient had tall P waves in lead 11 or initial P wave negativity
(qp) in lead 11, 111 or
aVF
. Nine patients (50%) with pericar-
dial rub and 10 patients (83%) without pericardial rub had
abnormal P waves. (NS [p = 0 .14[ Fisher exact probability
test .)
Medical lm . Of the 304 patients . 116 received intrave-
nous thrombolytic therapy (urokinase or recombinant tissue-
type plasminogen activator) or intracoronary urokinase .
Twelve (10%) of these 116 patients had pericardial rub
compared with 53 (28%) of the 188 patients without throm-
bolytic therapy . Six of the 116 patients with thrombolytic
therapy had PQ segment depression compared with 24 of the
188 patients without thrombolytic therapy. The incidence of
infarction-associated pericarditis and PQ segment depres-
sion was significantly lower in patients who received throm-
bolytic therapy (Fisher exact probability test, p < 0 .01 and
p < 0.05, respectively) .
FQQ mortality (Tables 4 and 5). There were 31 in-
hospital deaths. Twenty-two patients died of left ventricular
failure, four of ventricular rupture, three of a repeat infarc-
tion and two of uncontrolled ventricular fibrillation . Ten
patients with and 21 patients without pericardial rub died in
the hospital (p = NS) . Seven patients (23%) with PQ
segment depression and 24 patients (9%) without PQ seg-
ment depression died during the hospital stay . Patients with
PQ segment depression had a significantly higher hospital
mortality rate than that of patients without PQ segment
depression (Table 4) . When PQ segment depression was
evaluated with five other clinical variables to define their
significance in predicting hospital deaths, alveolar-arterial
oxygen difference and number of segments with advanced
Table 4. Clinical Characteristics of Patients Who Died in the
Hospital
JACC Vol . 23, No. 4
March 15, 1994 :885-90
The Student i test was used for quantitative data and Fisher exact
probability test for qualitative data. Values are expressed as number of
patients or mean value t SD. AaDo2 '-' alveolar-arterial oxygen pressure
difference .
asynergy were selected as important variables associated
with hospital mortality (Table 5) .
Discussion
Prownt findings. Although Q segment depression is
known to be one of the typical ECG changes associated with
acute pericarditis (8,9) . its incidence and clinical significance
in patients with acute myocardial infarction have not been
established . Among the 304 patients with Q wave anterior
wall myocardial infarction, PQ segment depression was
detected in 30 (10%). When five clinical variables were
examined to evaluate the important variables related to the
occurrence of PQ segment depression, pericardial rub and
segments with advanced asynergy were selected as signifi-
cant factors. Because infarction-associated pericarditis is
more often observed in patients with larger myocardial
infarct size, our results suggest that the patients with PQ
segment depression had more extensive myocardial damage .
Table 5 . Important Factors Related to Hospital Deaths
Logistic regression analysis using Data Analyzing System version 4 .
AaDo2 = alveolar-arterial oxygen pressure difference .
Survivors
(n = 273)
Nonsurvivors
(n = 31)
P
Value
Asynergic segment 3 .2 ± I .7 4 .5 1 1 .6 < 0.001
Aneurysmal motion
Absent 224 18
* 0.01
Present 49 13
AaD02 35 ± 13 47 ± 15 * 0.001
Chest roentgenogram
Low score 183 11
<0. III 5
High score 90 20
Pericardial rub
Absent 218 21
0.19
Present 55 10
PQ segment depression
Absent 250 24
< 00
Present 23 7
D*,scriminant
Coefficient
Standard p
Error
	
Value
Constant -6-01
Asynergic segment-2 0 .33 0.14 < 0.05
Aneurysmal i"tiop 0 .69 0 .47 0.14
AaDD, 0 .06 0.02 < 0.01
Chest roentgenogram -0.33 0 .63 0.60
Pericardial rub -0 .54 0.54 0.32
PQ segment depression 0 .23 0.61 0.71
Pericardial Rub
Present
(n = 18)
Absent
(n = 12)
p
Value
Asynergic segments 5 .1 ± 11
5 .0 ± 1 .0 0.80
Aneurysmal motion
Absent 6 8
0.16
Present 12 4
A002 45 ± 12
45 ± 15 1 .00
Chest rocapnograrn
low score 7 4
IA
High sc I I 8
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Genesis of PQ segment depression . Pericarditis, sympa-
thetic stimulation, left atrial overloading due to left ventric-
ular failure and atrial infarction have been described as some
of the genesis of downward displacement of PQ segment
(16-18). The ECG changes produced by hypersympathetic
activity are characterized by descending PQ segment, de-
pressed J point and ascending ST segment . Moreover, in
such cases the PQ and ST segments have concordant devi-
ations (16) . However, none of our patients had concordant
PQ and ST segment deviations, and we included only
rate-independent PQ segment depression that lasted >24 h .
Therefore, hypersympathetic activity was not the major
factor causing PQ segment depression in our patients .
The incidence of atrial infarction in autopsy-proved cases
of acute myocardial infarction is reported to be 7% to 17%
and more common in the right atrium (19,20) . The major
ECO criteria for the diagnosis of atrial infarction are PQ
segment elevation in ft! left chest leads with reciprocal
depression in the right chest leads or elevation in lead I with
reciprocal depression in lead 11 or HI (17) . Although 19 of 30
patients with PQ segment depression had increased negative
phase of the P wave in lead %n, suggesting left atrial
overloading, the fact that the PQ segment deviation was not
localized and the absence in appropriate leads of PQ segment
elevation indicate that atrial infarction was not the major
factor causing PQ segment depression in our patients .
Pericarditis and PQ segment depression. Pericardial rub
has been reported as a most specific noninvasive sign of
pericardial inflammation and, if the patient has a pericardial
rub, pericarditis can be identified immediately (1,2) . In this
study, the diagnosis of pericarditis was made on the basis of
pericardial rub detected bv more than two observers . De-
spite a significantly higher incidence of PQ segment depres-
sion in patients with pericardial rub, it was recorded in only
18 patients (28%) with pericardial rub . In contrast to diffuse
nature of acute pericarditis of other origin, the actual inflam-
matory cl in infarction-associated pericarditis remains
localized over the infarct zone . Therefore, it is not surprising
to find lower incidence of PQ segment depression in patients
with infarction-associated pericarditis .
In 12 of 30 patients, PQ segment depression was detected
in the absence of pericardial rub . The incidence of pericar-
ditis detected at autopsy is much higher than that of clini-
cally diagnosed infarction-associated pericarditis (2,3,5) . Ex-
cept for a higher tendency for ventricular aneurysmal motion
in patients with pericardial rub, the clinical characteristics of
12 patients without pericardial rub were nearly identical with
those of 18 patients with pericardial rub . Because local
pericarditis may be present and not expressed er be ex-
pressed only intermittently by pericardial rub, these data
indicate that the proximity of the anterior wall of the heart to
the stethoscope, probably due to motion of a ventricular
aneurysm, permitted better detection of rubs . Thus, patients
with PQ segment depression without pericardial rub could
not have been clinically different from those with pericardial
rub .
NAGAHAMA ET AL
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Spodick (21,22) postulated a link between virus-related
immunopathic process and the induction
of myocardial
infarction in certain subsets of patients including those with
infarction-associated pericarditis . Although further study is
needed to better define the relation between infarction-
associated pericarditis and generalized PQ segment depres-
sion, our data suggest that PQ segment depression across the
precordial and inferior leads represents subepicardial atrial
inflammation associated with a process related to extensive
myocardial damage .
Hospital mortality. There is general agreement that the
mortality rate is high in acute myocardial infarction compli-
cated by larger infarct size . In our patients, despite no
significant difference in mortality rate between patients with
and without pericardial rub, the mortality rate in patients
with PQ segment depression was significantly higher than in
patients without PQ-segment depression . When pericardial
rub and PQ segment were evaluated with four other clinical
variables to define their prognostic significance, segments
with advanced asynergy and alveolar-arterial oxygen differ-
ence were selected as important variables related to hospital
mortality. Although PQ segment depression was not selected
as a significant variable by multivariate analysis, the patients
who developed PQ segment depression had more extensive
myocardial damage, as documented by significantly more
segments with advanced asynergy and greater disturbance of
pulmonary gas exchange . Therefore, the results of our
multivariate analysis suggest that the increased mortality in
patients with acute myocardial infarction was primarily
related to the disturbance of pulmonary gas exchange result-
ing from more extensive myocardial damage, but PQ seg-
ment depression was one of the clinical signs of larger infarct
size and increased hospital mortality .
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